Differentiation of Salmonella from other gram-negative bacilli requires several biochemical and serological tests. A simplified 24-hr screening procedure has been devised which allows discarding of large numbers of isolates (picked from selective plating media) before they are subjected to this extensive testing. Cultures of gramnegative organisms isolated to triple sugar-iron slants during routine examination of products for Salmonella were tested for the presence of f-galactosidase and Salmonella flagellar antigens. 3-Galactosidase-positive cultures which did not agglutinate in polyvalent flagellar antiserum were considered to be nonsalmonellae. Johnston and Thatcher (6) have shown that growth of lactose-fermenting organisms may be inhibited by addition of phenethyl 3-D-galactopyranoside (PEG) to preenrichment media. The cleavage of this molecule results in the release of phenethyl alcohol which is toxic to most gramnegative organisms. This technique was impractical for routine separation of microbial contaminants because of the high cost of PEG. Furthermore, lactose-fermenting salmonellae would also be inhibited by hydrolysis of PEG. An approach is needed that would allow the retention of lactose-fermenting salmonellae which, even though known for many years (7), have become of increasing significance in foodborne illness (12). The procedure described here retains Salmonella, including those that ferment lactose, while allowing the elimination of a large percentage of nonsalmonellae.
Current identification procedures for Salmonella require considerable analytical time. Many suspect isolates must be regarded as Salmonella until definitely eliminated by a battery of biochemical and serological tests. There is a need for a screening procedure which results in the early elimination of nonsalmonellae cultures. This study describes such a screening procedure based upon hydrolysis of o-nitrophenyl-f-D-galactopyranoside (ONPG) and reaction with polyvalent Salmonella flagellar antiserum.
The ONPG test is used to detect the presence of 3-galactosidase which hydrolyzes ONPG to o-nitrophenol. This reaction is characterized by the formation of a yellow color in the medium. Among salmonellae, only the lactose-fermenting strains are known to carry this enzyme. The polyvalent flagellar test determines the presence or absence of antigens considered to be specific for Salmonella. Johnston and Thatcher (6) have shown that growth of lactose-fermenting organisms may be inhibited by addition of phenethyl 3-D-galactopyranoside (PEG) to preenrichment media. The cleavage of this molecule results in the release of phenethyl alcohol which is toxic to most gramnegative organisms. This technique was impractical for routine separation of microbial contaminants because of the high cost of PEG. Furthermore, lactose-fermenting salmonellae would also be inhibited by hydrolysis of PEG. An approach is needed that would allow the retention of lactose-fermenting salmonellae which, even though known for many years (7) , have become of increasing significance in foodborne illness (12) . The procedure described here retains Salmonella, including those that ferment lactose, while allowing the elimination of a large percentage of nonsalmonellae.
MATERIALS AND METHODS
Except for the two ONPG broths, all media were commercially available in dehydrated form and were prepared according to the instructions of the manufacturer. The basal broth used for both ONPG media was 1.0% tryptone (Difco) with 0.5%0 NaCl and was sterilized at 121 C for 15 min. Tryptone was selected because it is nearly colorless in a 1.0% solution; darker (yellow) media may obscure weak positive reactions.
The ONPG solution wC.s prepared by dissolving 1.0 g of ONPG (Calbiochem) in 167.0 ml of 0.1 M KH2PO4 solution (pH 7.4) and was sterilized by filtration.
The 24-hr ONPG test medium, modified from the formula of Cowan and Steel (2), was prepared by adding 25.0 ml of ONPG solution to 75.0 ml of the cooled basal broth. Two-milliliter amounts of the finished medium were dispensed aseptically into sterile tubes (13 by 100 mm). These tubes were incubated for 24 hr at 37 C, checked for contamination, and refrigerated at 4 C until used.
The medium for the rapid ONPG test, modified from the work of Pickett and Goodman (11) , was prepared by adding 9.0 ml of the ONPG solution to 91.0 ml of cooled basal broth containing 1 Antigen for the flagellar test was prepared by inactivating the 24-hr tryptone broth culture with 5.0 ml of physiological saline containing 0.6% formaldehyde. Polyvalent flagellar antiserum (Salmonella "H" Antiserum Poly, Difco) was diluted so that 0.02 ml of antiserum in 1.0 ml of antigen gave the manufacturer's recommended titer of 1:100 (3). Antigen was added to the antiserum in a tube (10 by 75 mm), and the tube was incubated in a water bath at 50 C for 1 hr and checked for agglutination (4 When the combined results of both tests are reviewed, it is apparent that four reaction patterns are possible. These reaction patterns are listed in Table 3 as are the recommended actions to be taken when cultures display these reaction patterns.
Pattern 1 (ONPG-positive, polyvalent "H"-negative): Although it is possible for lactosefermenting salmonellae with damaged flagella to give this pattern, none was encountered.
Pattern 2 (ONPG-negative, polyvalent "H"-positive): Typical salmonellae give this pattern, as do nonsalmonellae which are 3-galactosidase- Hajna and Damon (5). The antiserum they used, however, was obtained from a noncommercial source and was not identical to that used in this study. Organisms from culture collections of salmonellae and other Enterobacteriaceae were not subjected to study since this work has been adequately done. As Lubin and Ewing (10) pointed out, results from work with stock cultures from culture collections could not be extrapolated to apply to prevailing natural flora.
Using only flagellar serology for screening involves the possibility of overlooking some salmonellae. The only two serotypes listed as nonmotile by the Kauffmann-White schema of 1964 are S. pullorum and S. gallinarum. However, from materials subjected to high heat and other severe processing treatments, this laboratory has isolated numerous salmonellae which were damaged and no longer exhibited flageliar agglutination. Biochemical characterization and somatic serology defined these cultures as Salmonella. However, many remained nontypable because of their lack of "H" antigens.
Another consideration is the absence of certain factors from the antisera now available. Testing with polyvalent flagellar antiserum alone would result in discarding S. pullorum, S. gallinarum, all salmonellae with unreactive flagellar antigens, and all salmonellae with flagellar antigens for which the antiserum contained no antibodies. of the nonsalmonellae can be discarded. The criterion for exclusion by these tests is definitive and does not rely on judgement alone. This would be helpful to workers who had not yet gained expertise with Salmonella. Cultures giving the typical Salmonella pattern could be designated "presumptive positive" and given priority for subsequent biochemical and serological confirmation. Although 24 hr may be added to the analytical time for those isolates which are Salmonella, this would be of little consequence in the examination of foods or raw ingredients, since these materials should not be used or shipped until determined to be free from Salmonella. However, in situations in which the isolate is not a Salmonella, the material would be available for use sooner than is now possible. This set of tests lends itself to manufacturing quality control programs and to situations where many batches of raw materials, such as imported ingredients, must be screened for the presence of Salmonella. This procedure replaces none of the currently accepted methods used in testing for Salmonella, but it does reduce the probability of running exhaustive biochemical characterizations on suspect cultures which resemble Salmonella.
